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The present invention provides an optical unit for high-reso 
lution applications all lenses in Which are made of plastics. 
The optical unit includes lens (1) and (2). The lens (1) is a 
plastic lens having an Abbe number of 45-60. The lens (2) is 
a lens injection molded from a polycarbonate material com 
prising a structure derived from spirobiindan and having a 
glass transition temperature of 120-1500 C. 
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OPTICAL UNIT USING PLASTIC LENSES 

FIELD OF THE INVENTION 

This invention relates to optical units for high-resolution 
applications that may typically be used in silver photographic 
cameras, digital cameras, video cameras, and miniature cam 
eras that can be built into cell phones. 
As recent years have seen a rapid increase in the resolving 

poWer of imaging semiconductors and reduction of their co st, 
it is also required that the optical units they use meet the 
requirements for higher resolving poWer, as Well as smaller 
siZe and lighter Weight, and loWer cost. In order to meet the 
requirements for smaller siZe and lighter Weight as Well as for 
loWer cost, it is desirable to use plastic lenses in optical units 
and particularly in loW-resolution applications, there are 
commonly used optical units all lenses in Which are made of 
plastics. 

HoWever, plastic materials have greater birefringence than 
glass, Which has an adverse effect on resolution if they are 
used as lenses in optical units. This has not been any serious 
problem in loW-resolution applications Where only loW reso 
lution is required. HoWever, in high-resolution applications, 
particularly in the case Where the resolution as expressed in 
spatial frequency (MTF or modulation transfer function) is 
about 150 lines/mm or more, preferably about 200 lines/mm 
or more, at 20% contrast, no desired resolution is attained, so 
it has been impossible to produce an optical unit all lenses of 
Which are made of plastics. 

It is common practice in the optical designing of optical 
units to correct chromatic aberration by using a plurality of 
lenses having different Abbe numbers. In the case of optical 
units for high-resolution applications, the above-mentioned 
problem of birefringence in plastic lenses makes it necessary 
to correct chromatic aberration by combining a plastic lens 
With a glass lens having a different Abbe number. 
As the plastic lens for use in combination With the glass 

lens, lenses of alicyclic polyole?n resins having Abbe num 

bers of 45-60 are Widely used since they have preferred char 
acteristics for use in optical units. Such alicyclic polyole?n 
resins are commercially available in various names such as 
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2 
ZEONEXTM of ZEON Corporation, ARTONTM of JSR Cor 
poration, and APELTM of Mitsui Chemicals, Inc. 

Hence, for optical designing of an optical unit all lenses in 
Which are entire of plastics, the above-described lens of an 
alicyclic polyole?n resin having anAbbe number of 45-60 is 
combined With a lens of plastic material having a different 
Abbe number in order to correct chromatic aberration. In 
optical units for loW-resolution applications, speci?cally 
those providing a resolution of less than about 100 lines/mm 
at 20% contrast, chromatic aberration is currently corrected 
by combining lenses of alicyclic polyole?n resins having 
Abbe numbers of 45-60 With lenses of polycarbonate resins 
of bisphenol A type having loWer Abbe numbers (say, about 
30). HoWever, conventional polycarbonate resins such as 
ones of bisphenol A type generally have a large intrinsic 
birefringence at 0.106 (see “Kokomadekita Tomeijushi 
(Transparent Resins NoW)” by F. Ide, page 29, Kogyo Cho 
sakai Publishing, Inc., 2001) and it has been impossible to 
apply them to optical units for high-resolution applications. 

Thus, no plastic materials have been knoWn to date that 
have Abbe numbers suitable for correcting chromatic aberra 
tion by being combined With lenses of alicyclic ole?n resins 
having Abbe numbers of 45-60 and Which have small bire 
fringence as Well as physical properties suitable for use as 
lens materials in optical units. 

SUMMARY OF THE INVENTION 

An object, therefore, of the present invention is to provide 
an optical unit for high-resolution applications all lenses in 
Which are made of plastics. 

In order to attain the above-mentioned object, this inven 
tion provides an optical unit comprising lens (1) and (2) 
described below: 

(1) a plastic lens having an Abbe number of 45-60; and 
(2) a lens injection molded from a polycarbonate material 

comprising a structure derived from spirobiindan and having 
a glass transition temperature of 120-1500 C. 

Preferably, said polycarbonate material comprises a poly 
carbonate copolymer (A) having structural units represented 
by the folloWing general formulas (l) and (2): 

(1) 
H 3c cH3 

H3c CH3 

(2) 

Where R1 and R3 are each independently an alkyl group, an 
alkoxy group, a nitro group or a halogen atom; R2 is a hydro 
gen atom or a methyl group; k and l are each independently 
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an integer of 0-3; m and n are each independently an integer 
of 0-20, provided that at least one of m and n is other than 
Zero. 

Optionally, said polycarbonate material further contains 
0.0005-5 parts by mass of an epoxy compound for 100 parts 
by mass of said polycarbonate copolymer (A). 

Optionally, said polycarbonate material further contains 
0.0005-5 parts by mass of a phosphite compound for 100 
parts by mass of said polycarbonate copolymer (A). 

Optionally, said polycarbonate material further contains 
0.0005-5 parts by mass of an aliphatic compound for 100 
parts by mass of said polycarbonate copolymer (A). 

Optionally, said polycarbonate material further contains 
0.00005-0.5 parts by mass of a pentavalent phosphorus com 
pound for 100 parts by mass of said polycarbonate copolymer 
(A). 

Preferably, in said polycarbonate copolymer (A), the pro 
portion of the structural units of the general formulas (l) and 
(2) that is occupied by the structural unit of the general for 
mula (l) is 5-90 mol %. 

Preferably, said polycarbonate material (A) has a mass 
average molecular Weight of 10,000- 1 50,000. 

Preferably, in the optical unit of the present invention, said 
polycarbonate material comprises a polycarbonate copoly 
mer (B) having structural units represented by the folloWing 
general formulas (2) and (3): 

Where R3 ’s are each independently an alkyl group, an alkoxy 
group, a nitro group or a halogen atom; R4 and R5 are each 
independently a hydrogen atom or a methyl group; R6’s are 
each independently an alkyl group, an alkoxy group or a 
halogen atom; l’s are each independently an integer of 0-3; 
and j ’s are each independently an integer of 0-2. 

Optionally, said polycarbonate material further contains 
0.0005-5 parts by mass of an epoxy compound for 100 parts 
by mass of said polycarbonate copolymer (B). 

Optionally, said polycarbonate material further contains 
0.0005-5 parts by mass of a phosphite compound for 100 
parts by mass of said polycarbonate copolymer (B). 

Optionally, said polycarbonate material further contains 
0.0005-5 parts by mass of an aliphatic compound for 100 
parts by mass of said polycarbonate copolymer (B). 
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4 
Optionally, said polycarbonate material further contains 

0.00005-0.5 parts by mass of a pentavalent phosphorus com 
pound for 100 parts by mass of said polycarbonate copolymer 
(B) 

Preferably, in said polycarbonate copolymer (B), the pro 
portion of the structural units of the general formulas (2) and 
(3) that is occupied by the structural unit of the general for 
mula (2) is 5-90 mol %. 

Preferably, said polycarbonate material (B) has a mass 
average molecular Weight of 10,000-1 50,000. 

Preferably, in the optical unit of the present invention, said 
polycarbonate material comprises a polycarbonate copoly 
mer (C) that has structural units represented by the folloWing 
general formulas (4), (5) and (6) and Wherein the structural 
unit of the general formula (4) assumes 5-50 mole % in all 
structural units: 

(4) 

o 

o o—! 

(5) 

CH3 CH3 0 

o o—! 
CH3 CH3 

(6) 

CH3 CH3 0 

ooéoio-t i313 i313 
Preferably, said polycarbonate copolymer (C) is the prod 

uct of reaction of 6,6'-dihydroxy-3,3,3',3'-tetramethyl-l,l' 
spirobiindan, 4,4'- [l ,3 -phenylenebis( l -methylethylidene)] 
bisphenol, 4,4'- [l ,4-phenylenebis( l -methylethylidene)] 
bisphenol and a carbonic ester forming compound. 

Preferably, said carbonic ester forming compounds is at 
least one member of the group consisting of phosgene and 
bisaryl carbonates including diphenyl carbonate, di-p-tolyl 
carbonate, phenyl-p-tolyl carbonate, di-p-chlorophenyl car 
bonate, and dinaphthyl carbonate. 

Preferably, the amount in Which 6,6'-dihydroXy-3,3,3',3' 
tetramethyl-l,l'-spirobiindan is used in said polycarbonate 
copolymer (C) is l0-90 mol % With respect to the sum of 
6,6'-dihydroXy-3 ,3 ,3',3'-tetramethyl- l , l'-spirobiindan and 
4,4'- [l ,3 -phenylenebis(l -methylethylidene)]bisphenol. 

Preferably, the structural unit represented by the above 
general formula (5) assumes 20-80 mol % in all structural 
units of the polycarbonate copolymer (C). 

Preferably, in the optical unit of the present invention, said 
polycarbonate material comprises a polycarbonate copoly 
mer (D) that has structural units represented by the folloWing 
general formulas (4), (5) and (7) and Wherein the structural 
unit of the general formula (4) assumes 5-50 mole % in all 
structural units: 
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(4) 

(5) 

CH3 CH 3 O 

o C C o—C cg©icm 
(7) 

CH3 0 

o C o—C 

CH3 

Preferably, in the optical unit of the present invention, said 
polycarbonate material comprises a polycarbonate copoly 
mer (E) being the product of reaction of 6,6'-dihydroxy-3,3, 
3',3'-tetramethyl-1,1'-spirobiindan, 4,4'-[1,3-phenylenebis 
(1-methylethylidene)]bisphenol, a compound having a 
trifunctional or higher phenolic hydroxyl group and a car 
bonic ester forming compound. 

Preferably, said carbonic ester forming compounds is at 
least one member of the group consisting of phosgene and 
bisaryl carbonates including diphenyl carbonate, di-p-tolyl 
carbonate, phenyl-p-tolyl carbonate, di-p-chlorophenyl car 
bonate, and dinaphthyl carbonate. 

Preferably, the amount in Which 6,6'-dihydroxy-3,3,3',3' 
tetramethyl-1,1'-spirobiindan is used in said polycarbonate 
copolymer (E) is 10-90 mol % With respect to the sum of 
6,6'-dihydroxy-3,3,3',3'-tetramethyl-1,1'-spirobiindan and 
4,4'-[1,3-phenylenebis(1 -methylethylidene)]bisphenol. 

Preferably, said polycarbonate copolymer (E) contains the 
compound having a trifunctional or higher phenolic hydroxyl 
group added in an amount of 0.2-3.0 parts by mole With 
respect to 100 parts by mole as the sum of 6,6'-dihydroxy-3, 
3,3',3'-tetramethyl-1,1'-spirobiindan and 4,4'-[1,3-phenyle 
nebis(1-methylethylidene)]bisphenol. 

Preferably, the compound having a trifunctional or higher 
phenolic hydroxyl group in said polycarbonate copolymer 
(E) is at least one member of the group consisting of 1,1,1 
tris(4 -hydroxyphenyl)ethane, 4,4'-[1-[4-[1-(4-hydroxyphe 
nyl)-1-methylethyl]phenyl]ethylidene]bisphenol, and 2,4,6 
tris(4-hydroxyphenyl)-2,6-dimethyl-3-heptene. 

Preferably, in the optical unit of the present invention, said 
polycarbonate material has an intrinsic viscosity of 0.25 
0.50. 
More preferably, said intrinsic viscosity is 0.25-0.35. 
Preferably, in the optical unit of the present invention, said 

plastic lens having an Abbe number of 45-60 is fabricated 
from an alicyclic polyole?n resin. 

Preferably, in the optical unit of the present invention, said 
polycarbonate material further contains an ultraviolet 
absorber. 

In the optical unit of the present invention, all lenses are 
made of plastics and yet there Will be no adverse effect on 
resolution due to birefringence and the optical unit is satis 
factory for use in high-resolution applications. 
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6 
Since all lenses in the optical unit of the present invention 

are made of plastics, it is suitable for use in applications that 
require smaller siZe and lighter Weight. 

In the optical unit of the present invention, the lens of loWer 
Abbe number is made of a speci?ed polycarbonate material 
having good ?oWability, so it can be injection molded at loWer 
temperatures With better moldability. As a result, lenses can 
be produced at high enough rate to enable cost reduction in 
the fabrication of optical units. In addition, the better mold 
ability in injection molding permits the use of lenses of vari 
ous shapes. 

If the polycarbonate material that composes the lens of 
loWerAbbe number in the optical unit of the present invention 
contains a UV absorber, the lightfastness of the lens is su?i 
ciently improved to ensure that the optical unit exhibits the 
desired optical characteristics for an extended period of time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic section of an embodiment of the 
optical unit of the invention as cut through a plane including 
the optical axis; 

FIG. 2A is a front vieW of lens 3 in the optical unit of the 
invention as seen in a direction parallel to the optical axis in 
order to illustrate the shape of lens 3; 

FIG. 2B is a section of lens 3 as cut through a plane 
including the optical axis; 

FIG. 3 shoWs diagrammatically another embodiment of the 
optical unit of the invention; 

FIG. 4 is a schematic vieW of an apparatus for evaluating 
the effect on image of the birefringence of a lens; and 

FIG. 5 is a plan vieW of an imaging chart Which is a 
constituent element of the apparatus shoWn in FIG. 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The optical unit of the invention is described beloW in 
detail With reference to the accompanying draWings. 

FIG. 1 is a diagrammatic section of an embodiment of the 
optical unit of the invention as cut through a plane including 
the optical axis. The optical unit generally indicated by 1 in 
FIG. 1 is a general optical unit setup for use in a lens mecha 
nism in a silver photographic camera or in an imaging module 
in a digital camera, a video camera or a miniature camera that 
can be built into a cell phone. Stated brie?y, the optical unit 
shoWn in FIG. 1 comprises tWo lens elements 2 and 3 that are 
assembled into a generally cylindrical lens barrel 5 and ?xed 
in position by means of a lens clamp 7. In addition, the optical 
unit shoWn in FIG. 1 has a spacer 6 interposed betWeen the 
lenses 2 and 3. 
More speci?cally, the lens barrel 5 consists of three cylin 

drical regions that have a common center but different diam 
eters and Which are arranged in the order of decreasing diam 
eter along the optical axis of the optical unit 1. The smallest 
diameter cylindrical region of the lens barrel 5 has an annular 
rib portion 511 formed on its end face to protrude inWardly. 
The inside of the rib portion 5a serves as an aperture through 
Which incident light (e.g. taking light) is launched. 
The smallest-diameter region of the lens barrel 5 is such 

that lens 2 can be assembled into it. In other Words, the inside 
diameter of that region is generally equal to but slightly larger 
than the outside diameter of the lens 2. The largest-diameter 
portion of the lens barrel 5 is such that lens 3 canbe assembled 
into it. In other Words, the inside diameter of that region is 
generally equal to but slightly larger than the outside diameter 
of the lens 3. 

FIGS. 2A and 2B illustrate the shape of lens 3; FIG. 2A is 
a front vieW of lens 3 as seen in a direction parallel to the 
optical axis and FIG. 2B is a section of lens 3 as cut through 
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a plane including the optical axis.As shown, lens 3 consists of 
an optically active lens portion 311 that is surrounded by a 
?ange portion 3b. Although not shoWn, lens 2 has the same 
structure and consists of an optically active lens portion that is 
surrounded by a ?ange portion. 

In the optical unit 1 of the present invention, lens 2 is a 
plastic lens having an Abbe number of 45-60 (hereunder 
referred to as a “highAbbe number lens”) and it is preferably 
made of an alicyclic polyole?n resin With an Abbe number of 
45-60. 

Lens 3 is a lens produced by injection molding a speci?ed 
polycarbonate material to be described later in detail and it 
has anAbbe number su?icient to correct chromatic aberration 
in combination With lens 2, more speci?cally anAbbe number 
of from about 23 to about 35 (the lens is hereunder referred to 
as a “loW Abbe number lens”). 

Lens 2 is assembled into the smallest-diameter region of 
the lens barrel 5 on the side Where the rib portion 5a protrudes 
(at the aperture through Which incident light is launched), and 

3c cH3 

H3c cH3 

as 
H3c cH3 

I 
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8 
a structure derived from spirobiindan and having a glass 
transition temperature of 120-1500 C. 

In the optical unit shoWn in FIG. 1, the surfaces of the 
lenses 2 and 3 are usually provided With ?lms that impart the 
desired characteristics. For example, an anti-re?ection ?lm 
may be formed by sputtering. If the glass transition tempera 
ture of the loW Abbe number lens material is less than 120° C., 
the lens is incapable of Withstanding the temperature applied 
during the formation of an anti-re?ection ?lm by sputtering. 
On the other hand, if the glass transition temperature of the 
loW Abbe number lens material is in excess of 1500 C., the 
lens needs to be injection molded at an elevated polymer 
temperature, potentially causing it to deteriorate thermally. 
The folloWing are speci?c examples of the polycarbonate 

material suitable as the loW Abbe number lens material. 

In the optical unit of the present invention, one mode of the 
loW Abbe number lens material comprises a polycarbonate 
copolymer (A) having structural units represented by the 
folloWing general formulas (l) and (2): 

(1) 

(Z) 

Q11; 
the ?ange portion of the lens 2 is brought into contact With the 
rib portion 511 so as to determine the position of the lens 2 in 
a direction parallel to the optical axis. On the other hand, the 
lens 3 is assembled into the largest-diameter region of the lens 
barrel 5. 

The spacer 6 is a generally cylindrical member having at 
opposite ends those portions Which contact the ?ange por 
tions of the lenses 2 and 3; as already mentioned, the spacer 6 
is inserted betWeen the lenses 2 and 3 Within the lens barrel 5. 
By choosing the axial length of the spacer 6, the relative 
positions of the lenses 2 and 3 in the axial direction can be 
determined appropriately. 

In addition, the lenses 2 and 3, as Well as the lens barrel 5 
and the spacer 6 are all molded in such a Way that When the 
lenses 2 and 3 are assembled into the lens barrel 5, their 
optical axes are in alignment. 

To construct the optical unit shoWn in FIG. 1, the lens 2, 
spacer 6 and the lens 3 are sequentially assembled into the 
lens barrel 5 and the lens 2 is pressed toWard the rib 511 by 
means of the lens clamp 7. The lens clamp 7 Working in that 
Way is ?xed to the lens barrel 5 With an adhesive or by other 
means so that the optical unit 1 is fabricated. 

In the optical unit of the present invention, the loW Abbe 
number lens material is a polycarbonate material comprising 
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Where R1 and R3 are each independently an alkyl group, an 
alkoxy group, a nitro group or a halogen atom; R2 is a hydro 
gen atom or a methyl group; k and l are each independently 
an integer of 0-3; m and n are each independently an integer 
of 0-20, provided that at least one of m and n is other than 
Zero. 

In the structural units represented by the above general 
formulas (l) and (2), R1 and R3 are each independently an 
alkyl group, an alkoxy group, a nitro group or a halogen atom, 
preferably an optionally substituted linear, branched or cyclic 
alkyl group, an optionally substituted linear, branched or 
cyclic alkoxy group, a nitro group or a halogen atom, more 
preferably an optionally substituted linear, branched or cyclic 
alkyl group having l-20 carbon atoms, an optionally substi 
tuted linear, branched or cyclic alkoxy group having l-20 
carbon atoms, a nitro group or a halogen atom. The substitu 
ent on the alkyl or alkoxy group as R1 and R3 may be exem 
pli?ed by an alkoxy group, an alkoxyalkoxy group, a 
cycloalkyl group, a cycloalkyl group containing a hetero 
atom, a cycloalkoxy group, a cycloalkoxy group containing a 
hetero atom, an aryloxy group, an aryloxyalkoxy group, a 
halogen atom, etc. 

Speci?c examples of the substituents R1 and R3 include a 
methyl group, an ethyl group, an n-propyl group, an isopropyl 



US 7,582,355 B2 

group, an n-butyl group, an isobutyl group, a sec-butyl group, 

a tert-butyl group, an n-pentyl group, an n-hexyl group, a 

2-ethylhexyl group, an n-octyl group, an n-decyl group, an 

n-dodecyl group, an n-tetradecyl group, an n-octadecyl 
group, a cyclopentyl group, a cyclohexyl group, a 4-tert 

butylcyclohexyl group, a cycloheptyl group, a cyclooctyl 
group, a cyclohexylmethyl group, a cyclohexylethyl group, a 

tetrahydrofurfuryl group, a 2-methoxyethyl 
2-ethoxyethyl group, a 2-n-butoxyethyl group, a 3-methox 

ypropyl group, a 3 -ethoxypropyl group, a 3 -n-propoXypropyl 
group, a 3-n-butoxypropyl group, a 3-n-heXyloXypropyl 

group, a 2-methoxyethoxyethyl group, a 2-ethoxyethoxy 
ethyl group, a 2-phenoxymethyl group, a 2-phenoxyethoxy 
ethyl group, a chloromethyl group, a 2-chloroethyl group, a 
3-chloropropyl group, a 2,2,2-trichloroethyl group, a meth 
oxy group, an ethoxy group, an n-propoxy group, an isopro 
poxy group, an n-butoxy group, an isobutoxy group, a sec 

butoxy group, an n-pentyloxy group, an n-hexyloxy group, a 
2-ethylhexyloxy group, an n-octyloxy group, an n-decyloxy 
group, an n-dodecyloxy group, an n-tetradecyloxy group, an 
n-octadecyloxy group, a cyclopentyloxy group, a cyclohexy 
loXy group, a 4-tert-butylcyclohexyloxy group, a cyclohep 
tyloxy group, a cyclooctyloxy group, a cyclohexylmethoxy 
group, a cyclohexylethoxy group, a 2-methoxyethoxy group, 
a 2-ethoxyethoxy group, a 2-n-butoxyethoxy group, a 

group, a 

H30 

K) O 

20 

25 

K) 

3-methoxypropoxy group, a 3-ethoxypropoxy group, a 3-n 

propoxypropoxy group, a 3-n-butoxypropoxy group, a 3-n 

hexyloxypropoxy group, a 2-methoxyethoxyethoxy group, a 
2-phenoxymethoxy group, a 2-phenoxyethoxyethoxy group, 
a chloromethoxy group, a 2-chloroethoxy group, a 3-chloro 

propoxy group, a 2,2,2-trichloroethoxy group, a nitro group, 

a ?uorine atom, a chlorine atom, a bromine atom, an iodine 

atom, etc. 

The sub stituents R 1 and R3 are preferably an unsubstituted 
linear or branched alkyl group having 1-10 carbon atoms, an 
unsubstituted linear or branched alkoxy group having l-l0 
carbon atoms, or a chlorine atom, more preferably a methyl 
group, an ethyl group, an n-propyl group, an isopropyl group, 

55 

60 

65 

10 
an n-butyl group, an isobutyl group, a tert-butyl group, a 
methoxy group, an ethoxy group, an n-propoxy group, an 
isopropoxy group, an n-butoxy group, an isobutoxy group, a 
tert-butoxy group, or a chlorine atom. A methyl group or a 
chlorine atom is particularly preferred as the substituents R1 
and R3. In the structural unit represented by the general for 
mula (1), R2 is a hydrogen atom or a methyl group. 

In the structural units represented by the general formulas 
(l) and (2), k and l are each independently an integer of 0-3, 
preferably 0, l or 2, more preferably 0 or 1. The integer Zero 
is particularly preferred as k and 1. In the structural unit 
represented by the general formula (1), m and n are each 
independently an integer of 0-20, preferably an integer of 
0-1 0, more preferably an integer of 0-5, even more preferably 
an integer of 0-2. The integer one is particularly preferred as 
m and n. It should hoWever be noted that at least one of m and 
n is other than Zero. 

In the structural units represented by the general formulas 
(l) and (2), the carbonate bond or the position of a substituent 
containing the carbonate bond is positioned on the benZene 
ring Within the spirobiindan structure either at 4, 5, 6 or 7 
position or at 4', 5', 6' or 7' position, respectively. 
Among the structural units represented by the general for 

mula (l ), the one that is represented by the folloWing formula 
(1A) is particularly preferred; among the structural units rep 
resented by the general formula (2), the one that is repre 
sented by the folloWing formula (2A) is particularly pre 
ferred: 

(1A) 
H3c cH3 

R2 
| 

O—CH2—CH o—c 

n l 

R k 
H3c CH3 (1) 

(2A) 

120W 1 o 
R Z 

CH3 ( 3) 

Where R1, R2. R3, k, l, m and n have the same meanings as 
de?ned above. 

The polycarbonate copolymer (A) canbe obtained by caus 
ing a carbonate precursor to act on a dihydroxy compound 
represented by the folloWing general formula (1 a) and a dihy 
droxy compound represented by the folloWing general for 
mula (2a) so that they are copolymeriZed. Namely, the struc 
tural unit represented by the general formula (1) can be 
derived from the compound represented by the folloWing 
general formula (la) and the carbonate precursor. On the 
other hand, the structural unit represented by the general 
formula (2) canbe derived from the compound represented by 
the folloWing general formula (2a) and the carbonate precur 
sor. 
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(1a) 

15%; 
3c cH3 

H3c cH3 

Where R1, R2. R3, k, l, m and n have the same meanings as 
25 de?ned above. 

The dihydroxy compound represented by the general for 
mula (la) Which is one of the main starting materials for the 

3c cH3 

H3c cH3 

(2a) 

polycarbonate copolymer (A) may be exempli?ed by the 

folloWing dihydroxy compounds, Which are by no means 

limiting: 

5 
H30 CH3 

45 
H30 cH3 

H3c cH3 

6% 
H30 cH3 

H3c CH3 

H30 cH3 
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and the like. For example, it can be obtained by heating 
bisphenol A in the presence of an acid catalyst. 

The polycarbonate copolymer (A) is produced by a variety 
of knoWn methods for polymerizing polycarbonates. Exem 
plary methods include those described in “JIKKEN 
KAGAKU KOZA (A Course in Experimental Chemistry)”, 
4th ed. (28) Kobunshi Gosei (Polymer Syntheses), pp. 231 
242, Maruzen Publishing Company (1988), for example, 
solution polymerization, transesteri?cation and interfacial 
polymerization. Typically, the polycarbonate copolymer (A) 
may advantageously be produced by causing a carbonate 
precursor (for example, a carbonic diester compound such as 
dimethyl carbonate, diethyl carbonate or diphenyl carbonate, 
or a halogenated carbonyl compound such as phosgene) to act 
on the dihydroxy compound of the general formula (la) and 
the dihydroxy compound of the general formula (2a). 

Solution polymerization is a process in Which the above 
mentioned dihydroxy compounds are reacted With a haloge 
nated carbonyl compound (e. g. phosgene) in an organic sol 
vent in the presence of an organic base such as pyridine. 
Interfacial polymerization is a process in Which the dihy 
droxy compounds are reacted With a halogenated carbonyl 
compound under interfacial conditions comprising an aque 
ous solution of an alkali metal base or an alkaline earth metal 
base and an organic solvent (for example, an aliphatic halo 
genated hydrocarbon such as dichloromethane, chloroform, 
l,2-dichloroethane, l,2-dichloroethylene, trichloroethane, 
tetrachloroethane or dichloropropane, or an aromatic halo ge 
nated hydrocarbon such as chlorobenzene or dichloroben 
zene, or mixtures thereof), to effect polycondensation, 
optionally in the presence of a catalyst (e.g. triethylamine) 
and a molecular Weight regulator. Transesteri?cation is a 
process in Which the aforementioned dihydroxy compounds 
and a carbonic diester compound (eg dimethyl carbonate, 
diethyl carbonate or diphenyl carbonate) are reacted in a 
molten state or in solution under heating, optionally in the 
presence of a catalyst. 

The polycarbonate copolymer (A) is not limited in any 
particular Way as long as it is a polycarbonate copolymer 
comprising the structural unit represented by the above gen 
eral formula (1) and the structural unit represented by the 
above general formula (2). Hence, it may be either a random 
copolymer or an alternating copolymer or a block copolymer. 
In the case of producing the polycarbonate copolymer (A) as 
a random copolymer, the dihydroxy compounds represented 
by the general formulas (la) and (2a) are mixed and a car 
bonate precursor is alloWed to act on the resulting mixture of 
the dihydroxy compounds. In the case of producing the poly 
carbonate copolymer (A) as an alternating copolymer, the 
dihydroxy compound represented by either the general for 
mula (la) or the general formula (2a) and a carbonate precur 
sor are used to make a monomeric intermediate terminated 

With a haloformate group or a carbonic ester group and this 
intermediate is reacted With the other dihydroxy compound. 
In the case of producing the polycarbonate copolymer (A) as 
a block copolymer, the dihydroxy compound represented by 
either the general formula (la) or the general formula (2a) is 
independently reacted With a carbonate precursor to prepare a 
polycarbonate oligomer in Which the greater part of end ter 
minals is a haloformate group or a carbonic ester group and, 
thereafter, this polycarbonate oligomer is reacted With the 
other dihydroxy compound or a polycarbonate oligomer 
derived from that dihydroxy compound. 

The polycarbonate copolymer (A) may contain plural 
structural units being different from each other as the struc 
tural unit represented by the general formula (1). The poly 
carbonate copolymer (A) may contain plural structural units 
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22 
being different from each other as the structural unit repre 
sented by the general formula (2). 

Considering the balance Which the polycarbonate copoly 
mer (A) desirably presents betWeen physical properties 
including heat resistance and mechanical properties, the pro 
portion of the structural units of the general formulas (l) and 
(2) that is occupied by the structural unit of the general for 
mula (l) is preferably 5-90 mol %, more preferably 10-80 mol 
%, and even more preferably 20-70 mol %. 
The polycarbonate copolymer (A) may contain structural 

units other than those represented by the general formulas (l) 
and (2). If it contains other structural units, the proportion of 
the total structural units that is occupied by those represented 
by the general formulas (l) and (2) is not limited to any 
particular value as long as it is Within the range that is not 
detrimental to the desired effects of the present invention; 
usually, it is at least 50 mol %, preferably at least 70 mol %, 
and more preferably at least 90 mol %. In order to maximize 
the desired effects of the present invention, it is particularly 
preferred that the polycarbonate copolymer (A) is solely 
composed of the structural units represented by the general 
formulas (l) and (2). 

Such structural units other than those represented by the 
general formulas (l) and (2) are repeating structural units 
derived from dihydroxy compounds other than those repre 
sented by the general formula (la) or (2a) and such other 
dihydroxy compounds may be exempli?ed by a variety of 
knoWn aromatic dihydroxy compounds or aliphatic dihy 
droxy compounds. 

Speci?c examples of such aromatic dihydroxy compounds 
include: bis(hydroxyaryl)alkanes such as bis(4-hydroxyphe 
nyl)methane, l , l -bis(4'-hydroxyphenyl)ethane, l ,2-bis(4' 
hydroxyphenyl)ethane, bis(4-hydroxyphenyl)phenyl 
methane, bis(4-hydroxyphenyl)diphenylmethane, bis(4 
hydroxyphenyl)- l -naphthylmethane, l , l -bis(4' 
hydroxyphenyl)- l -phenylethane, 2,2-bis(4'-hydroxyphenyl) 
propane [bisphenol A], 2-(4'-hydroxyphenyl)-2-(3' 
hydroxyphenyl)propane, 2,2-bis(4'-hydroxyphenyl)butane, 
l , l -bis(4'-hydroxyphenyl)butane, 2,2-bis(4'-hydroxyphe 
nyl) -3 -methylbutane, 2, 2-bis (4'-hydroxyphenyl)pentane,3 ,3 - 
bis(4'-hydroxyphenyl)pentane, 2,2-bis(4'-hydroxyphenyl) 
hexane, 2,2-bis(4'-hydroxyphenyl)octane, 2,2-bis(4' 
hydroxyphenyl)-4-methylpentane, 2,2-bis(4' 
hydroxyphenyl)heptane, 4,4-bis(4'-hydroxyphenyl)heptane, 
2,2-bis(4'-hydroxyphenyl)tridecane, 2,2-bis(4'-hydroxyphe 
nyl)octane, 2,2-bis(3'-methyl-4'-hydroxyphenyl)propane, 
2,2-bis(3'-ethyl-4'-hydroxyphenyl)propane, 2,2-bis(3'-n 
propyl-4'-hydroxyphenyl)propane, 2,2-bis(3'-isopropyl-4' 
hydroxyphenyl)propane, 2,2-bis(3'-sec-butyl-4'-hydrox 
yphenyl)propane, 2,2-bis(3'-tert-butyl-4'-hydroxyphenyl) 
propane, 2,2-bis(3'-tert-butyl-4'-hydroxyphenyl)propane, 
2,2-bis(3'-cyclohexyl-4'-hydroxyphenyl)propane, 2,2-bis(3' 
allyl-4'-hydroxyphenyl)propane 2,2-bis(3'-methoxy-4'-hy 
droxyphenyl)propane, 2,2-bis(3', 5'-dimethyl-4'-hydrox 
yphenyl)propane, 2,2-bis(2',3', 5', 6'-tetramethyl-4' 
hydroxyphenyl)propane, bis(4-hydroxyphenyl) 
cyanomethane, l -cyano -3 ,3 -bis(4'-hydroxyphenyl)butane, 
2,2-bis(4'-hydroxyphenyl)hexa?uoropropane, etc .; bis(hy 
droxyaryl)cycloalkanes such as l, l -bis(4'-hydroxyphenyl) 
cyclopentane, l,l-bis(4'-hydroxyphenyl)cyclohexane, l,l 
bis(4'-hydroxyphenyl)cycloheptane, l , l -bis(3'-methyl-4' 
hydroxyphenyl)cyclohexane, l , l -bis(3',5'-dimethyl-4' 
hydroxyphenyl)cyclohexane, 1,1-bis(3',5'-dichloro-4' 
hydroxyphenyl)cyclohexane, l, l -bis(3'-methyl-4' 
hydroxyphenyl)-4-methylcyclohexane, l , l -bis(4' 
hydroxyphenyl)-3,3, 5 -trimethylcyclohexane, 2,2-bis(4' 
hydroxyphenyl)norbomane, 2,2-bis(4'-hydroxyphenyl) 
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adamantane, etc.; bis(hydroxyaryl)ethers such as 4,4'-dihy 
droxydiphenyl ether, 4,4'-dihydroxy-3,3'-dimethyldiphenyl 
ether, ethylene glycol bis(4-hydroxyphenyl)ether, etc.; bis 
(hydroxyaryl)sul?des such as 4,4'-dihydroxydiphenyl sul 
?de, 3,3'-dimethyl-4,4'-dihydroxydiphenyl sul?de, 3,3'-dicy 
clohexyl-4,4'-dihydroxydiphenyl sul?de, 3,3'-diphenyl-4,4' 
dihydroxydiphenyl sul?de, etc.; bis(hydroxyaryl)sulfoxides 
such as 4,4'-dihydroxydiphenyl sulfoxide, 3,3'-dimethyl-4,4' 
dihydroxydiphenyl sulfoxide, etc.; bis(hydroxyaryl)sulfones 
such as 4,4'-dihydroxydiphenyl sulfone, 4,4'-dihydroxy-3,3' 
dimethyldiphenyl sulfone, etc.; bis(hydroxyaryl)ketones 
such as bis(4-hydroxyphenyl)ketone, bis(4-hydroxy-3-meth 
ylphenyl)ketone, etc.; as Well as 7,7‘-dihydroxy-3,3',4,4'-tet 
rahydro-4,4,4',4'-tetramethyl-2,2'-spirobi(2H-1-benZopy 
ran), trans-2,3-bis(4'-hydroxyphenyl)-2-butene, 9,9-bis(4' 
hydroxyphenyl)?uorene, 3,3-bis(4'-hydroxyphenyl)-2 
butanone, 1,6-bis(4'-hydroxyphenyl)-1,6-hexanedione, (0t,0t, 
00,00-tetramethyl-0t,0t'-bis(4-hydroxyphenyl)-p-xylene, 0t,0t, 
0t‘,0t‘-tetramethyl-0t,0t'-bis(4-hydroxyphenyl)-m-xylene, 
4,4'-dihydroxybiphenyl, hydroquinone, resorcin, etc. Also 
useful are aromatic dihydroxy compounds containing an ester 
bond that can be produced by reacting, for example, 2 moles 
of bisphenol A With 1 mole of isophthaloyl chloride or tereph 
thaloyl chloride. 

Speci?c examples of the above-mentioned aliphatic dihy 
droxy compounds include: dihydroxyalkanes such as 1,2 
dihydroxyethane, 1,3-dihydroxypropane, 1,4-dihydroxybu 
tane, 1 ,5 -dihydroxypentane, 3-methyl-1 ,5 - 
dihydroxypentane, 1 ,6 -dihydroxyhexane, 1 ,7 - 
dihydroxyheptane, 1 ,8 -dihydroxyoctane, 1 ,9 - 
dihydroxynonane, 1 , 1 0-dihydroxydecane, 1 , 1 1 - 

dihydroxyundec ane, 1 , 1 2-dihydroxydo dec ane, 
dihydroxyneopentyl, 2-ethyl-1,2-dihydroxyhexane, 2-me 
thyl- 1 ,3-dihydroxypropane, etc .; and dihydroxycycloalkanes 
such as 1,3-dihydroxycyclohexane, 1,4-dihydroxycyclohex 
ane, 2,2-bis(4'-hydroxylcyclohexyl)propane, etc. 

Further examples are dihydroxy compounds such as o-di 
hydroxyxylylene, m-dihydroxyxylylene, p-dihydroxyxy 
lylene, 1,4-bis(2'-hydroxyethyl)benZene, 1,4-bis(3'-hydrox 
ypropyl)benZene, 1,4-bis(4'-hydroxybutyl)benZene, 1,4-bis 
(5'-hydroxypentyl)benZene, 1 ,4-bis(6'-hydroxyhexyl) 
benzene, 2,2-bis[4'-(2"-hydroxyethyloxy)phenyl]propane, 
etc. 

Furthermore, structural units derived from bifunctional 
compounds other than the dihydroxy compounds listed above 
may also be contained as structural units other than those 
represented by the general formulas (1) and (2). To be more 
speci?c, bifunctional compounds other than said dihydroxy 
compounds may include such compounds as aromatic dicar 
boxylic acids, aliphatic dicarboxylic acids, aromatic 
diamines, aliphatic diamines, aromatic diisocyanates, and ali 
phatic diisocyanates. Using these bifunctional compounds, 
one can obtain polycarbonate copolymers containing not only 
the carbonate group but also other groups such as an imino 
group, an ester group, an ether group, an imide group, an 
amide group, a urethane group, a urea group, etc. The present 
invention encompasses such polycarbonate copolymers. 

In the polycarbonate copolymer (A), the terminal groups 
may be reactive ones such as a hydroxyl group, a haloformate 
group, a carbonic ester group, etc.; alternatively, they may be 
inert terminal groups capped With a molecular Weight regu 
lator to be described later. The amount of the terminal groups 
Within the polycarbonate copolymer (A) is not limited to any 
particular value but it is typically betWeen 0.001 and 10 mol 
%, preferably betWeen 0.01 and 5 mol %, more preferably 
betWeen 0.1 and 3 mol %, based on the total number of moles 
of the structural units. 
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24 
Details Will folloW but in the optical unit of the present 

invention, the intrinsic viscosity of the loW Abbe number lens 
material is preferably betWeen 0.25 and 0.50, more preferably 
betWeen 0.25 and 0.35. Therefore, the polycarbonate copoly 
mer (A) preferably has an intrinsic viscosity Within the stated 
ranges. 

To this end, the polycarbonate copolymer (A) has a mass 
average molecular Weight betWeen 5,000 and 200,000, pref 
erably betWeen 10,000 and 150,000, more preferably 
betWeen 15,000 and 120,000, as calculated for the standard 
polystyrene by GPC (gel permeation chromatography). The 
polydispersity index, expressed as the ratio betWeen mass 
average molecular Weight and number average molecular 
Weight, of the polycarbonate copolymer (A) is not limited to 
any particular value but is preferably betWeen 1.5 and 20.0, 
more preferably betWeen 2.0 and 15.0, and even more pref 
erably betWeen 2.0 and 10.0. 

In order to obtain the polycarbonate copolymer (A) Whose 
mass average molecular Weight and polydispersity index are 
Within the stated ranges, the making of the polycarbonate 
copolymer (A) in accordance With the methods described 
above is preferably done by performing polymeriZation in the 
presence of a molecular Weight regulator for the speci?c 
purpose of regulating the molecular Weight. Such molecular 
Weight regulator is not limited in any particular Way and a 
variety of knoWn molecular Weight regulators that are used in 
knoWn polycarbonate polymerization processes Will do; 
examples include monovalent hydroxy aliphatic compounds 
or hydroxy aromatic compounds or their derivatives (e.g., 
alkali metal salts or alkaline earth metal salts of monovalent 
hydroxy aliphatic compounds or hydroxy aromatic com 
pounds, haloformate compounds of monovalent hydroxy ali 
phatic compounds or hydroxy aromatic compounds, and car 
bonic esters of monovalent hydroxy aliphatic compounds or 
hydroxy aromatic compounds), as Well as monovalent car 
boxylic acids or their derivatives (e.g., alkali metal salts or 
alkaline earth metal salts of monovalent carboxylic acids, 
acid halides of monovalent carboxylic acids, and esters of 
monovalent carboxylic acids). 

Examples of the above-mentioned monovalent hydroxy 
aliphatic compounds or hydroxy aromatic compounds 
include methanol, ethanol, butanol, octanol, lauryl alcohol, 
methoxyethanol, propylene glycol monomethyl ether, cyclo 
hexanol, benZyl alcohol, allyl alcohol, phenol, p-ter‘t-bu 
tylphenol, 2-cresol, 3-cresol, 4-cresol, 2-ethylphenol, 4-eth 
ylphenol, 4-cumylphenol, 4-phenylphenol, 
4-cyclohexylphenol, 4-n-octylphenol, 4-isooctylphenol, 
4-nonylphenol, 4-methoxyphenol, 4-n-hexyloxyphenol, 
4-isopropenylphenol, 2-chlorophenol, 3-chlorophenol, 
4-chlorophenol, 2-bromophenol, 3-bromophenol, 4-bro 
mophenol, 2,4-dichlorophenol, 2,4-dibromophenol, pen 
tachlorophenol, pentabromophenol, [3-naphthol, ot-naphthol, 
2-(4'-methoxyphenyl)-2-(4"-hydroxyphenyl)propane, etc. 

Examples of the above-mentioned monovalent carboxylic 
acids include aliphatic carboxylic acids such as acetic acid, 
propionic acid, butyric acid, valeric acid, caproic acid, hep 
tanoic acid, caprylic acid, 2,2-dimethylpropionic acid, 3-me 
thylbutyric acid, 3,3-dimethylbutyric acid, 4-methylvaleric 
acid, 3,3-dimethylvaleric acid, 4-methylcaproic acid, 2,4 
dimethylvaleric acid, 3,5-dimethylcaproic acid, phenoxyace 
tic acid, etc., and benZoic acids such as benZoic acid, 4-pro 
poxybenZoic acid, 4-butoxybenZoic acid, 
4-pentyloxybenZoic acid, 4-hexyloxybenZoic acid, 4-octy 
loxybenZoic acid, etc. 
Among the molecular Weight regulators listed above, phe 

nol and p-ter‘t-butylphenol are preferred. 
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In order to obtain the polycarbonate copolymer (A) having 
an intrinsic viscosity Within the stated ranges, the molecular 
Weight regulator is added in an amount betWeen 0.001 and 10 
mol % in terms of molar ratio to the diol component. If phenol 
is used as the molecular Weight regulator, it is preferably 
added in an amount betWeen 0.01 and 5 mol % in terms of 
molar ratio to the diol component. If p-tert-butylphenol is 
used as the molecular Weight regulator, it is preferably added 
in an amount betWeen 0.01 and 10 mol % in terms of molar 
ratio to the diol component. 

In the optical unit of the present invention, the loW Abbe 
number lens material may contain an epoxy compound in 
addition to the polycarbonate copolymer (A). If this is the 
case, 0.0005-5 parts by mass of an epoxy compound is pref 
erably contained for 100 parts by mass of the polycarbonate 
copolymer (A). More preferably, 0.001-3 parts by mass, even 
more preferably 0.01 -2 parts by mass, of an epoxy compound 
may be contained per 100 parts by mass of the polycarbonate 
copolymer (A). 

The epoxy compound that can be used With the polycar 
bonate copolymer (A) is a compound that contains an epoxy 
group (oxirane ring) and it may be either aromatic or ali 
phatic; if it is aliphatic, it may be linear, branched or cyclic. 
The epoxy compound may be substituted by a halogen atom, 
a carboxyl group, an alkylcarbonyl group, an alkoxycarbonyl 
group, an aminocarbonyl group, an alkylaminocarbonyl 
group, a hydroxyl group, an alkoxy group, a cyano group, a 
nitro group, an amino group, an aminoalkyl group, a sulfo 
group, etc.Among these substituents, tWo or more identical or 
different substituents may be contained in the molecule. 

Such epoxy compounds include cyclohexene oxide com 
pounds, cyclic epoxy compounds other than cyclohexene 
oxide, glycidyl ether compounds, carboxylic glycidyl ester 
compounds, epoxy resin compounds, epoxidiZed natural oils, 
and so forth. 

Speci?c examples of the cyclohexene oxide compounds 
include cyclohexene oxide, 3,4-dimethyl-l,2-epoxycyclo 
hexane, 3, 5 -dimethyl -l ,2 -epoxycyclohexane, 3 -methyl -5 -t 
butyl-l,2-epoxycyclohexane, 4-vinyl-l-cyclohexene oxide, 
4-vinyl-l -cyclohexene diepoxide, 2,6,6-trichloro-l ,2-epoxy 
cyclohexane, dipentene dioxide, 4,5-epoxy-anhydrous tet 
rahydrophthalic acid, 3-t-butyl-4,5-epoxy-anhydrous tet 
rahydrophthalic acid, 4,5-epoxytetrahydrophthalic 
diglycidyl ester, 4,5-epoxytetrahydrophthalic diethyl ester, 
4,5-epoxytetrahydrophthalic di-n-butyl ester, 4,5-epoxytet 
rahydrophthalic di-2-ethylhexyl ester, 4,5-epoxytetrahydro 
phthalic isodecyl ester, bis(3,4-epoxy-6-methylcyclohexyl 
methyl)succinate, bis(3,4-epoxycyclohexylmethyl)adipate, 
bis(3,4-epoxy-6-methylcyclohexylmethyl)adipate, 3-(3,4 
epoxycyclohexyl)-2',3'-epoxy-2,4-dioxaspiro(5 .5)undecane, 
3 ,4-epoxycyclohexylmethyl-3',4'-epoxycyclohexyl carboxy 
late, 3,4-epoxy-6-methylcyclohexylmethyl-3',4'-epoxy-6' 
methylcyclohexyl carboxylate, 2,3-epoxycyclohexylmethyl 
3',4'-epoxycyclohexyl carboxylate, cyclohexylmethyl-3,4 
epoxycyclohexyl carboxylate, cyclohexyl-2-methyl-3,4 
epoxycyclohexyl carboxylate, octadecyl-3,4 
epoxycyclohexyl carboxylate, 2-ethylhexyl-3',4' 
epoxycyclohexyl carboxylate, octadecyl-2,2-dimethyl-3,4 
epoxycyclohexyl carboxylate, 4-(3,4-epoxycyclohexyl) 
butyl-3',4'-epoxycyclohexyl carboxylate, 4-(3,4-epoxy-5 
methylcyclohexyl)butyl-3',4'-epoxycyclohexyl carboxylate, 
4-(3,4-epoxy-6-methylcyclohexyl)butyl-3',4'-epoxy-6'-me 
thylcyclohexyl carboxylate, 3,4-epoxy-6-methylcyclohexyl 
methyl-6'-methylcyclohexyl carboxylate, etc. 

Speci?c examples of the cyclic epoxy compounds other 
than cyclohexene oxide include cyclopentene oxide, 
cyclooctene oxide, cyclododecane epoxide, ot-pinene oxide, 
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exo-2,3 -epoxynorbomane, 1,2, 5 ,6-diepoxycyclooctane, 
limonene oxide, 3,4-epoxytricyclo[5.2.l.02'6]-decane, ally 
loxy-3,4-epoxytricyclo[5 .2.1 0”] -decane, l,2-epoxy-5 
trans-9-cis-cyclododecadiene, cedrene epoxide, 5,6-epoxy 
4,7-methano-l-oxaspiro-[2,5]-octane, 1,4,4A,8A 
tetrahydro -l ,4 -methanonaphthalene-5 ,8 -dione-6 ,7 -epoxide, 
cycloheptene oxide, 9-oxabicyclo[6.l.0]non-4-ene, cis-l,2 
epoxycyclodecane, dicyclopentadiene dioxide, etc. 

Speci?c examples of the glycidyl ether compounds include 
phenylglycidyl ether, glycidylbenZyl ether, glycidyl 2-meth 
ylphenyl ether, glycidyl 4-ethylphenyl ether, t-butylphenylg 
lycidyl ether, glycidylmesityl ether, glycidyl-4-methoxyphe 
nyl ether, 2-biphenylglycidyl ether, glycidyl l-naphthyl ether, 
allylglycidyl ether, glycidylisopropyl ether, butylglycidyl 
ether, t-butylglycidyl ether, 2-ethylhexylglycidyl ether, gly 
cidyllauryl ether, ethylene glycol diglycidyl ether, diethylene 
glycol diglycidyl ether, triethylene glycol diglycidyl ether, 
polyethylene glycol diglycidyl ether, propylene glycol digly 
cidyl ether, polypropylene glycol diglycidyl ether, 1,3-bu 
tanediol diglycidyl ether, l,4-butanediol diglycidyl ether, 
hydroquinone diglycidyl ether, bisphenol A diglycidyl ether, 
tetramethyl bisphenol A diglycidyl ether, tetrabromobisphe 
nol A diglycidyl ether, bisphenol F diglycidyl ether, bisphe 
nol S diglycidyl ether, resorcinol diglycidyl ether, 4,4'-bis(2, 
3-epoxypropoxy)biphenyl, 4,4'-bis(2,3-epoxypropoxy)-3,3', 
5,5'-tetramethylbiphenyl, neopentyl alcohol diglycidyl ether, 
1,6-hexanediol diglycidyl ether, glycerin diglycidyl ether, 
glycerin triglycidyl ether, trimethylolpropane polyglycidyl 
ether, sorbitol polyglycidyl ether, sorbitan polyglycidyl ether, 
pentaerythritol polyglycidyl ether, triglycidyl tris(2-hy 
droxyethyl)isocyanurate, glycidyllauryl ether, etc. 

Speci?c examples of the carboxylic glycidyl ester com 
pounds include diglycidyl adipate, diglycidyl o-phthalate, 
diglycidyl terephthalate, glycidyl phthalimide, glycidyl ole 
ate, diglycidyl hexahydrophthalate, diglycidyl 4,5-cyclohex 
ene-l,2-dicarboxylate, etc. Speci?c examples of the epoxy 
resin compounds include bisphenol A epoxy resins, novolak 
epoxy resins, o-cresol novolak epoxy resins, Zylok epoxy 
resins, etc. Speci?c examples of the epoxidiZed natural oils 
include epoxidiZed soya oil, epoxidiZed linseed oil, epoxi 
diZed tall oil fatty acids esteri?ed With 2-ethylhexyl, epoxi 
diZed (ethylene glycol-di-tall oil fatty acid esters), etc. 

Other epoxy compounds include epoxybutyl stearate, 
epoxyoctyl stearate, 2-epoxyethylhexyl stearate, epoxyben 
Zyl stearate, epoxyallyl stearate, bisepoxydicyclopentadienyl 
ether, l,2-epoxybutane, l,2-epoxyhexane, l,2-epoxyoctane, 
l,2-epoxydecane, l,2-epoxydodecane, l,2-epoxytetrade 
cane, l,2-epoxyhexadecane, l,2-epoxyoctadecane, butadi 
ene monoepoxide, butadiene diepoxide, 2-methyl-2-vinylox 
irane, l,2-epoxy-5-hexene, l,2-epoxy-7-octene, l,2,7,8 
diepoxyoctane, tetraphenylethylene epoxide, epoxidiZed 
polybutadiene, glycidol, 2-methylglycidol, 3-propyloxirane 
methanol, styrene oxide, 2,3 -epoxypropylbenZene, l -phenyl 
propylene oxide, stilbene oxide, 4,5,9,l0-diepoxy-l-decene, 
l,2,4,5,9,l0-triepoxydecane, 9,10-epoxyoctadecane, 2-ep 
oxyethylbicyclo[2.2 . l ]heptane, 2-(benZyloxymethyl)-2-me 
thyloxirane, etc. 
Epoxy compounds that may be used in the loW Abbe num 

ber lens material are preferably cyclohexene oxide com 
pounds, cyclic epoxy compounds other than cyclohexene 
oxide, glycidyl ether compounds, carboxylic glycidyl ester 
compounds and epoxy resin compounds, more preferably 
cyclohexene oxide compounds, cyclic epoxy compounds 
other than cyclohexene oxide, glycidyl ether compounds and 
carboxylic glycidyl ester compounds, even more preferably 
cyclohexene oxide compounds and carboxylic glycidyl ester 
compounds, and most preferably cyclohexene oxide com 
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pounds. Among the cyclohexene oxide compounds, those 
Without unsaturated bond are particularly preferred. 

In the optical unit of the present invention, the loW Abbe 
number lens material may contain a phosphite compound in 
addition to the polycarbonate copolymer (A). If this is the 
case, the loW Abbe number lens material may contain the 
above-described epoxy compound and a phosphite com 
pound at the same time; alternatively, it may contain only a 
phosphite compound. 

In this case, the phosphite compound is preferably con 
tained in an amount of 0.0005-5 parts by mass, more prefer 
ably 0.001 -3 parts by mass, and even more preferably 0.01 -2 
parts by mass for 100 parts by mass of the polycarbonate 
copolymer (A). 
A variety of knoWn derivatives can be used as the pho sphite 

compound to be contained in the loW Abbe number lens 
material. Speci?c examples of the phosphite compound 
include but are not limited to the following: trialkyl phosphi 
tes such as trimethyl phosphite, triethyl phosphite, tributyl 
phosphite, trioctyl phosphite, tris(2-ethylhexyl phopshite), 
trinonyl phosphite, tridecyl phosphite, tris(tridecyl)phos 
phite, trioctadecyl phosphite, tristearyl phosphite, tris(2 
chloroethyl)phosphite, tris(2,3-dichloropropyl phosphite), 
etc.; triscycloalkyl phosphites such as tricyclohexyl phos 
phite, etc.; trisaryl phosphites such as triphenyl phosphite, 
tricresyl phosphite, tris(ethylphenyl)phosphite, tris(2,4-di-t 
butylphenyl)phosphite, tris(nonylphenyl)phosphite, etc.; 
arylalkyl phosphites such as phenyl-didecyl phosphite, 
diphenyl-isooctyl phosphite, diphenyl-2-ethylhexyl phos 
phite, diphenyl-decyl pho sphite, diphenyl-tridecyl pho sphite, 
etc.; diphosphites such as bis(tridecyl)-pentaerystyryl 
diphosphite, distearyl-pentaerystyryl-diphosphite, diphenyl 
pentaerystyryl-diphosphite, bis(nonylphenyl)-pentaery 
styryl-diphosphite, bis(2,4-di-tert-butylphenyl) 
pentaerystyryl-diphosphite, bis(2,6-di-tert-butyl-4 
methylphenyl)-pentaerystyryl-diphosphite, tetraphenyl 
dipropyleneglycol-diphosphite, tetra(tridecyl)-4,4' 
isopropylidenediphenyl-diphosphite, etc.; tetra(2,4-di-tert 
butylphenyl)-4,4'-diphenyl phosphite, tetraphenyltetra 
(tridecyl)pentaerystyryl tetraphosphite, trilauryl 
trithiophosphite, etc. These phosphite compounds may be 
used either singly or in combination of tWo or more kinds. 

In the optical unit of the present invention, the loW Abbe 
number lens material may contain an aliphatic compound in 
addition to the polycarbonate copolymer (A). If this is the 
case, the aliphatic compound is preferably contained in an 
amount of 0.0005-5 parts by mass, more preferably 0.001-3 
parts by mass, and even more preferably 0.01-2 parts by mass 
for 100 parts by mass of the polycarbonate copolymer (A). 

The aliphatic compound to be contained in the loW Abbe 
number lens material is a compound that has an aliphatic 
chain but contains no aromatic group and the aliphatic chain 
may be linear, branched or cyclic. The aliphatic compound 
may be substituted by a halogen atom, a carboxyl group, an 
alkylcarbonyl group, an alkoxycarbonyl group, an aminocar 
bonyl group, an alkylaminocarbonyl group, a hydroxyl 
group, an alkoxy group, a cyano group, a nitro group, an 
amino group, an aminoalkyl group, a sulfo group, etc. Among 
these substituents, tWo or more identical or different substitu 
ents may be contained in the molecule. If the aliphatic com 
pound has a substituent, the latter may form a salt With a 
metal. 

Preferred aliphatic compounds include unsubstituted ali 
phatic compounds, or those Which are substituted With a 
carboxyl group, an alkylcarbonyl group, an alkoxycarbonyl 
group, an aminocarbonyl group, an alkylaminocarbonyl 
group, a hydroxyl group, an alkoxy group, etc., and substi 
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tuted aliphatic compounds in Which the substituents form 
salts With metals. More preferred examples are compounds 
substituted With a carboxyl group, an alkylcarbonyl group, an 
alkoxycarbonyl group, an aminocarbonyl group, an alkylami 
nocarbonyl group, a hydroxyl group, an alkoxy group, etc., 
and substituted compounds in Which the substituents form 
salts With metals. Preferred speci?c examples include ali 
phatic hydrocarbons, fatty acid compounds, fatty acid ester 
compounds, fatty acid metal salt compounds, fatty acid amide 
compounds, aliphatic alcohols, etc., With fatty acid com 
pounds, fatty acid ester compounds, fatty acid metal salt 
compounds, fatty acid amide compounds and aliphatic alco 
hols being more preferred. Known compounds can be used as 
the aliphatic compounds. 

Speci?c examples of aliphatic hydrocarbons include liquid 
paraf?n, montan Wax, beesWax, polyethylene of loW poly 
meriZation degree, hydrogenated polybutene, etc. Speci?c 
examples of fatty acid compounds include linear saturated 
fatty acids, cyclic saturated fatty acids, branched saturated 
fatty acids, unsaturated fatty acids, unsaturated fatty acids 
having a hydroxyl group, etc. Linear saturated fatty acids of 
C6-C32 include, for example, caproic acid (C6), enanthic acid 
(C7), caprylic acid (C8), pelargonic acid (C9), capric acid 
(C10), undecylic acid (C11), lauric acid (C12), tridecylic acid 
(C13), myristic acid (C14), pentadecylic acid (C15), palmitic 
acid (C16), heptadecylic acid (C17), stearic acid (C18), nona 
decanoic acid (C19), arachidic acid (C20), henicosanoic acid 
(C21), behenic acid (C22), tricosenoic acid (C23), lignoceric 
acid (C24), pentacosanoic acid (C25), cerotic acid (C26), hep 
tacosanoic acid (C27), montanic acid (C28), nonacosanoic 
acid (C29), melissic acid (C30), hentriacontanoic acid (C31), 
and lacceric acid (C32); cyclic saturated fatty acids include 
naphthenic acid, etc.; branched saturated fatty acids include 
2-ethylhexoic acid, isodecanoic acid, etc.; unsaturated fatty 
acids include oleic acid, elaidic acid, cetoleic acid, erucic 
acid, brascidic acid, sorbic acid, linoleic acid, linolenic acid, 
arachidonic acid, etc.; unsaturated fatty acids having a 
hydroxyl group include ricinolic acid, etc. 

Preferred fatty acid compounds are Cll-C22 linear satu 
rated fatty acids, naphthenic acid, oleic acid, erucic acid, 
sorbic acid, linoleic acid, linolenic acid, and ricinolic acid; 
more preferred are undecylic acid (C11), lauric acid (C12), 
tridecylic acid (C13), myristic acid (C14), palmitic acid (C16), 
stearic acid (C18), behenic acid (C22), oleic acid, erucic acid, 
and sorbic acid; even more preferred are myristic acid (C14), 
palmitic acid (Cl 6), stearic acid (C 1 8), and behenic acid (C22); 
stearic acid (C18) is particularly preferred. 
Exemplary fatty acid ester compounds include ester com 

pounds of the above-listed fatty acids and alcohols. The alco 
hols include C l-C22 linear monohydric alcohols and polyhy 
dric alcohols; speci?c examples of Cl-C22 linear monohydric 
alcohols include methanol, ethanol, propanol, butanol, pentyl 
alcohol, hexyl alcohol, heptyl alcohol, octyl alcohol, nonyl 
alcohol, decyl alcohol (C 10), undecyl alcohol (C 1 l), lauryl 
alcohol (C12), tridecyl alcohol (C13), myristyl alcohol (C14), 
pentadecyl alcohol (C15), cetyl alcohol (C16), heptadecyl 
alcohol (C17), stearyl alcohol (C18), nonadecyl alcohol (C19), 
eicosyl alcohol (C20), etc. Exemplary polyhydric alcohols 
include glycerin, sorbitol, ethylene glycol, diethylene glycol, 
triethylene glycol, polyethylene glycol, propylene glycol, 
dipropylene glycol, tripropylene glycol, polypropylene gly 
col, trimethylolpropane, pentaerythritol, 1,3-butanediol, etc. 
In the case of esters of monovalent fatty acids and polyhydric 
alcohols, y out of x hydroxyl groups in x-hydric alcohols (y is 
an integer of at least one but not more than x) may form an 
ester bond While (x-y) hydroxyl groups remain intact. 
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Speci?c examples include stearyl undecylate, stearyl lau 
rate, stearyl tridecylate, stearyl myristate, stearyl palmitate, 
butyl stearate, lauryl stearate, butyl arachidate, butyl behen 
ate, butyl oleate, pentaerythritol tetrastearate, ethylene glycol 
monostearate, poly(ethylene glycol dilaurate), poly(ethylene 
glycol monooleate), poly(ethylene glycol dioleate), butyl 
ricinoleate, glycerin monocaprylate, glycerin monocaprate, 
glycerin monolaurate, glycerin monomyristate, glycerin 
monopalmitate, glycerin mono stearate, glycerin monooleate, 
glycerin monoerucate, glycerin monolinolate, glycerin trilau 
rate, glycerin trimyristate, glycerin tripalmitate, glycerin 
tristearate, glycerin trioleate, etc. 

Preferred fatty acid ester compounds are stearyl laurate, 
stearyl myristate, stearyl palmitate, butyl stearate, pen 
taerythritol tetrastearate, ethylene glycol monostearate, poly 
(ethylene glycol dilaurate), poly(ethylene glycol 
monooleate), glycerin monopalmitate, and glycerin 
monostearate; more preferred are stearyl laurate, stearyl 
myristate, stearyl palmitate, ethylene glycol monostearate, 
poly(ethylene glycol dilaurate), poly(ethylene glycol 
monooleate), and glycerin monostearate; even more pre 
ferred are stearyl myristate, stearyl palmitate, ethylene glycol 
monostearate, and glycerin monostearate; particularly pre 
ferred is glycerin monostearate. 

The fatty acid metal salt compounds include salts of the 
above-listed fatty acids and the folloWing metals. Exemplary 
metals include lithium, magnesium, calcium, strontium, 
barium, Zinc, cadmium, aluminum, tin, and lead; preferred 
are calcium and Zinc; particularly preferred is calcium. Spe 
ci?c examples of the fatty acid metal salt compounds include 
lithium stearate, magnesium stearate, calcium stearate, cal 
cium laurate, calcium ricinoleate, strontium stearate, barium 
stearate, barium laurate, barium ricinoleate, cadmium stear 
ate, cadmium laurate, cadmium ricinoleate, cadmium naph 
thenate, cadmium 2-ethylhexoate, Zinc stearate, Zinc laurate, 
Zinc ricinoleate, Zinc 2-ethyhexoate, lead stearate, lead naph 
thenate, etc.; preferred are magnesium stearate, calcium 
stearate and Zinc stearate; more preferred are calcium stearate 
and Zinc stearate; particularly preferred is calcium stearate. 

Exemplary fatty acid amide compounds include com 
pounds represented by RCONH2, methylenebisamide com 
pounds represented by RCONHiCHziNHCOR, and eth 
ylenebisamide compounds represented by RCONHi 
CH2CH2iNHCOR; these are amide compounds obtained 
from carboxylic acid compounds represented by RCOOH 
and from ammonia, methylenediamine and ethylenediamine, 
respectively. Exemplary carboxylic acid compounds repre 
sented by RCOOH include the above-listed fatty acids. The 
fatty acid amide compounds may speci?cally be exempli?ed 
by palmitylamide, stearylamide, oleylamide, methylenebi 
sstearoamide, ethylenebisstearoamide, etc.; preferred are 
palmitylamide and stearylamide, With stearylamide being 
further preferred. 

The aliphatic alcohols include monohydric alcohols and 
polyhydric alcohols. Monohydric alcohols include CS-C32 
linear monohydric alcohols and speci?c examples include 
octyl alcohol (C8), nonyl alcohol (C9), decyl alcohol (C10), 
undecyl alcohol (C11), lauryl alcohol (C12), tridecyl alcohol 
(C13), myristyl alcohol (C14), pentadecyl alcohol (C15), cetyl 
alcohol (C16), heptadecyl alcohol (C 17), stearyl alcohol (C 18), 
nonadecyl alcohol (C19), eicosyl alcohol (C20), ceryl alcohol 
(C26), melissyl alcohol (C30), etc.; exemplary polyhydric 
alcohols include glycerin, sorbitol, ethylene glycol, diethyl 
ene glycol, triethylene glycol, polyethylene glycol, propylene 
glycol, dipropylene glycol, tripropylene glycol, polypropy 
lene glycol, trimethylolpropane, pentaerythritol, 1,3-butane 
diol, etc. Preferred examples are CS-C2O linear monohydric 
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alcohols, glycerin, ethylene glycol, diethylene glycol, and 
polyethylene glycol; more preferred examples are nonyl alco 
hol, lauryl alcohol, myristyl alcohol, cetyl alcohol, stearyl 
alcohol, glycerin, ethylene glycol, diethylene glycol, and 
polyethylene glycol; even more preferred examples are cetyl 
alcohol and stearyl alcohol, With stearyl alcohol being par 
ticularly preferred. 

Preferred among the aliphatic compounds listed above are: 
Cll-C22 linear saturated fatty acids, naphthenic acid, oleic 
acid, erucic acid, sorbic acid, linoleic acid, linolenic acid and 
ricinolic acid (as fatty acid compounds); stearyl laurate, 
stearyl myristate, stearyl palmitate, butyl stearate, pen 
taerythritol tetrastearate, ethylene glycol monostearate, poly 
(ethylene glycol dilaurate), poly(ethylene glycol 
monooleate), glycerin monopalmitate and glycerin 
monostearate (as fatty acid ester compounds); magnesium 
stearate, calcium stearate and Zinc stearate (as fatty acid metal 
salt compounds); palmitylamide and stearylamide (as fatty 
acid amide compounds); and CS-C2O linear monohydric alco 
hols, glycerin, ethylene glycol, diethylene glycol and poly 
ethylene glycol (as aliphatic alcohols). 
More preferred examples are: undecylic acid (C11), lauric 

acid (C12), tridecylic acid (C13), myristic acid (C14), palmitic 
acid (C16), stearic acid (C18), behenic acid (C22), oleic acid, 
erucic acid and sorbic acid (as fatty acid compounds); stearyl 
laurate, stearyl myristate, stearyl palmitate, ethylene glycol 
monostearate, poly(ethylene glycol dilaurate), poly(ethylene 
glycol monooleate) and glycerin monostearate (as fatty acid 
ester compounds); magnesium stearate, calcium stearate and 
Zinc stearate (as fatty acid metal salt compounds); palmityla 
mide and stearylamide (as fatty acid amide compounds); and 
nonyl alcohol, lauryl alcohol, myristyl alcohol, cetyl alcohol, 
stearyl alcohol, glycerin, ethylene glycol, diethylene glycol 
and polyethylene glycol (as aliphatic alcohols). Even more 
preferred are: myristic acid (C14), palmitic acid (C16), stearic 
acid (C18) and behenic acid (C22) (as fatty acid compounds); 
stearyl myristate, stearyl palmitate, ethylene glycol 
monostearate and glycerin monostearate (as fatty acid ester 
compounds); calcium stearate and Zinc stearate (as fatty acid 
metal salt compounds); stearylamide (as fatty acid amide 
compound); and cetyl alcohol and stearyl alcohol (as ali 
phatic alcohols); particularly preferred are stearic acid (fatty 
acid compound), glycerin mono stearate (fatty acid ester com 
pound), and calcium stearate (fatty acid metal salt com 
pound). The aliphatic compounds to be contained in the resin 
composition of the present invention may be used either sin 
gly or in combination of tWo or more kinds. 

In the optical unit of the present invention, the loW Abbe 
number lens material may contain a pentavalent organophos 
phorus compound in addition to the polycarbonate copolymer 
(A). 
The addition of a pentavalent organophosphorus com 

pound contributes to trapping and immobilizing trace 
amounts of metals present in the loW Abbe number lens 
material, thereby suppressing any adverse effects, such as 
coloring, of the metals. 

Here, a pentavalent organophosphorus compound is pref 
erably contained in an amount of 0.00005-0.5 parts by mass, 
more preferably 0.0001 -0.1 part by mass, even more prefer 
ably 0.00l-0.08 parts by mass, for 100 parts by mass of the 
polycarbonate copolymer (A). 

The pentavalent orgaphosphorus compound to be con 
tained in the loW Abbe number lens material encompasses 
phosphoric esters, acidic phosphoric esters and other phos 
phorus compounds; they may be either aromatic or aliphatic; 
if they are aliphatic, the aliphatic chain may be linear, 
branched or cyclic. The phosphorus compounds may be sub 
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stituted by a halogen atom, a carboxyl group, an alkylcarbo 
nyl group, an alkoxycarbonyl group, an alkoxy group, etc. 
Among these substituents, tWo or more identical or different 
substituents may be contained in the molecule. 

Speci?c examples of phosphoric esters include trimethyl 
phosphate, triethyl phosphate, tripropyl phosphate, tributyl 
phosphate, trioctyl phosphate, triphenyl phosphate, tritolyl 
phosphate, tris(t-butylphenyl)phosphate, triallyl phosphate, 
diphenyltolyl phosphate, tris(butoxyethyl)phosphate, tris(2 
chloroethyl)phosphate, tris(2-chloromethyletyl)phosphate, 
tris(l,3-dichloro-2-propyl)phosphate, and tris(2,3-dibro 
mopropyl)phosphate. 

Speci?c examples of acidic phosphoric ester compounds 
include dibutyl phosphate, di (2 -ethylhexyl)pho sphate, diphe 
nyl phosphate, dibenZyl phosphate, ethyl acid phosphate, 
butyl acid phosphate, butyl pyrophosphate, 2-ethylhexyl acid 
phosphate, oleyl acid phosphate, tetracosyl acid phosphate, 
ethylene glycol acid phosphate, and butoxyethyl acid phos 
phate. Examples of other phosphorus compounds include 
ethyldiethyl phosphonoacetate. 

The pentavalent organophosphorus compound to be con 
tained in the loW Abbe number lens material is preferably a 
phosphoric ester compound that does not contain an acidic 
functional group; more preferred examples are trimethyl 
phosphate, triethyl phosphate, tripropyl phosphate, tributyl 
phosphate, trioctyl phosphate, triphenyl phosphate, tritolyl 
phosphate, tris(t-butylphenyhl) phosphate, triallyl phosphate, 
diphenyltolyl phosphate, and ethyldiethyl pho sphonoacetate; 
even more preferred examples are trimethyl phosphate, tri 
ethyl phosphate, triphenyl phosphate, tritolyl phosphate, tris 
(t-butylphenyhl) phosphate, diphenyltolyl phosphate, and 
ethyldiethyl pho sphonoacetate; particularly preferred are tri 
methyl phosphate and ethyldiethyl phosphonoacetate. 

In the optical unit of the present invention, another mode of 
the loW Abbe number lens material comprises a polycarbon 
ate copolymer (B) having structural units represented by the 
folloWing general formulas (2) and (3): 

Where R3 ’s are each independently an alkyl group, an alkoxy 
group, a nitro group or a halogen atom; R4 and R5 are each 
independently a hydrogen atom or an alkyl group; R6’s are 
each independently an alkyl group, an alkoxy group or a 
halogen atom; l’s are each independently an integer of 0-3; 
and j ’s are each independently an integer of 0-2. 
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Here, the structural unit represented by the general formula 

(2) has the same de?nition as given to the polycarbonate 
copolymer (A). 

In the structural unit represented by the general formula 
(3), R4 and R5 are each independently a hydrogen atom or an 
alkyl group. Speci?c examples of R4 and R5 may include a 
hydrogen atom, a methyl group, an ethyl group, an n-propyl 
group, an isopropyl group, an n-butyl group, an isobutyl 
group, a sec-butyl group, a tert-butyl group, an n-pentyl 
group, an n-hexyl group, a 2-ethylhexyl group, an n-octyl 
group, an n-decyl group, an n-dodecyl group, an n-tetradecyl 
group, an n-octadecyl group, a cyclopentyl group, a cyclo 
hexyl group, a 4-tert-butylcyclohexyl group, a tri?uorom 
ethyl group, etc. 
The substituents R4 and R5 are preferably a hydrogen atom 

or a linear, branched or cyclic alkyl group having 1-10 carbon 
atoms, more preferably a hydrogen atom or a linear alkyl 
group having l-4 carbon atoms, With a methyl group being 
particularly preferred as the substituents R4 and R5. 

R6’s are each independently an alkyl group, an alkoxy 
group or a halogen atom, preferably an optionally substituted 
linear, branched or cyclic alkyl group, an optionally substi 
tuted linear, branched or cyclic alkoxy group, or a halogen 
atom, more preferably an optionally substituted linear, 
branched or cyclic alkyl group having l-20 carbon atoms, an 
optionally substituted linear, branched or cyclic alkoxy group 
having l-20 carbon atoms, or a halogen atom. The substituent 
on the alkyl or alkoxy group as R6 may be exempli?ed by an 
alkoxy group, an alkoxyalkoxy group, a cycloalkyl group, a 
cycloalkyl group containing a hetero atom, a cycloalkoxy 
group, a cycloalkoxy group containing a hetero atom, an 
aryloxy group, an aryloxyalkoxy group, a halogen atom, etc. 

Speci?c examples of the substituent R6 include a methyl 
group, an ethyl group, an n-propyl group, an isopropyl group, 
an n-butyl group, an isobutyl group, a sec-butyl group, a 
tert-butyl group, an n-pentyl group, an n-hexyl group, a 2-eth 
ylhexyl group, an n-octyl group, an n-decyl group, an n-dode 
cyl group, an n-tetradecyl group, an n-octadecyl group, a 
cyclopentyl group, a cyclohexyl group, a 4-tert-butylcyclo 
hexyl group, a cycloheptyl group, a cyclooctyl group, a cyclo 
hexylmethyl group, a cyclohexylethyl group, a tetrahydrofur 
furyl group, a 2-methoxyethyl group, a 2-ethoxyethyl group, 
a 2-n-butoxyethyl group, a 3-methoxypropyl group, a 
3-ethoxypropyl group, a 3-n-propoxypropyl group, a 3-n 
butoxypropyl group, a 3-n-hexyloxypropyl group, a 2-meth 
oxyethoxyethyl group, a 2-ethoxyethoxyethyl group, a 
2-phenoxymethyl group, a 2-phenoxyethoxyethyl group, a 
tri?uoromethyl group, a chloromethyl group, a 2-chloroethyl 
group, a 3-chloropropyl group, a 2,2,2-trichloroethyl group, a 
methoxy group, an ethoxy group, an n-propoxy group, an 
isopropoxy group, an n-butoxy group, an isobutoxy group, a 
sec-butoxy group, an n-pentyloxy group, an n-hexyloxy 
group, a 2-ethylhexyloxyl group, an n-octyloxy group, an 
n-decyloxy group, an n-dodecyloxy group, an n-tetradecy 
loxy group, an n-octadecyloxy group, a cyclopentyloxy 
group, a cyclohexyloxy group, a 4-tert-butylcyclohexyloxy 
group, a cycloheptyloxy group, a cyclooctyloxy group, a 
cyclohexylmethoxy group, a cyclohexylethoxy group, a 
2-methoxyethyl group, a 2-ethoxyethoxy group, a 2-n-bu 
toxyethoxy group, a 3-methoxypropoxy group, a 3-ethox 
ypropoxy group, a 3-n-propoxypropoxy group, a 3-n-butox 
ypropoxy group, a 3-n-hexyloxypropoxy group, a 
2-methoxyethoxyethoxy group, a 2-phenoxymethoxy group, 
a 2-phenoxyethoxyethoxy group, a chloromethoxy group, a 
2-chloroethoxy group, a 3-chloropropoxy group, a 2,2,2 
trichloroethoxy group, a ?uorine atom, a chlorine atom, a 
bromine atom, an iodine atom, etc. 




























